of seaMouNts abstract. Much interest has been generated by the discoveries of biodiversity associated with seamounts. The volcanically active portion of these undersea mountains hosts a remarkably diverse range of unusual microbial habitats, from black smokers rich in sulfur to cooler, diffuse, iron-rich hydrothermal vents. As such, seamounts potentially represent hotspots of microbial diversity, yet our understanding of the microbiology of seamounts is still in its infancy. Here, we discuss recent work on the detection of seamount microbial communities and the observation that specific community groups may be indicative of specific geochemical scenarios, such as iron and sulfur cycling. These observations are based on the metabolisms predicted by phylogenetic characteristics exhibited by the dominant populations found within these microbial communities as compared to the closest related isolate found in culture. Therefore, these studies combine the use of both cultivation-dependent and -independent analyses. Cultivation-independent studies were primarily completed using cloning and sequencing techniques targeting small subunit ribosomal gene (SSU rDNA) biomarkers along with similar biomolecular tools like terminal-restriction fragment length polymorphism (T-RFLP) and quantitative polymerase chain reaction (Q-PCR), which allow for the determination of phylotypes (analogous to species). We discuss the notion of Zetaproteobacteria and/or Epsilonproteobacteria being the most common members of hydrothermal habitats associated with seamounts exhibiting volcanic activity. Another noneruptive seamount scenario is also examined, for example, South Chamorro Seamount, an active forearc serpentinite mud volcano.
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Microbiology of seaMouNts abstract. Much interest has been generated by the discoveries of biodiversity associated with seamounts. The volcanically active portion of these undersea mountains hosts a remarkably diverse range of unusual microbial habitats, from black smokers rich in sulfur to cooler, diffuse, iron-rich hydrothermal vents. As such, seamounts potentially represent hotspots of microbial diversity, yet our understanding of the microbiology of seamounts is still in its infancy. Here, we discuss recent work on the detection of seamount microbial communities and the observation that specific community groups may be indicative of specific geochemical scenarios, such as iron and sulfur cycling. These observations are based on the metabolisms predicted by phylogenetic characteristics exhibited by the dominant populations found within these microbial communities as compared to the closest related isolate found in culture. Therefore, these studies combine the use of both cultivation-dependent and -independent analyses. Cultivation-independent studies were primarily completed using cloning and sequencing techniques targeting small subunit ribosomal gene (SSU rDNA) biomarkers along with similar biomolecular tools like terminal-restriction fragment length polymorphism (T-RFLP) and quantitative polymerase chain reaction (Q-PCR), which allow for the determination of phylotypes (analogous to species). We discuss the notion of Zetaproteobacteria and/or Epsilonproteobacteria being the most common members of hydrothermal habitats associated with seamounts exhibiting volcanic activity. Another noneruptive seamount scenario is also examined, for example, South Chamorro Seamount, an active forearc serpentinite mud volcano. vents are the extension of the thermal limit for life as well as the discovery of a host of bacteria and archaea with novel anaerobic and aerobic metabolisms that take advantage of unique suites of energy sources (both autotrophic and heterotrophic) derived from the combination of geochemistry, temperature, and pressure at these sites (Karl, 1995; Nakagawa and Takai, 2008 (Gold, 1992; Whitman et al., 1998 (White et al., 1998; Chivian et al., 2008) . In the ocean deep-sea drilling into old sediments has revealed bacteria and archaea living up to hundreds of meters below the seafloor (Parkes et al., 2000; Jørgensen and Boetius, 2007 . These fluids may also feed both deep subsurface and/or benthic (bottom-dwelling) microbial communities (Cowen et al., 2003; Huber et al., 2006) . Finally, even dormant seamounts that rise to appreciable depths above the ocean floor (i.e., > 1000 m) can impact ocean currents and mixing, potentially resulting in stimulation of microbial communities that feed off the enriched nutrients (see Lavelle and Mohn, 2010) .
This latter possibility applies to active seamounts as well.
There are estimated to be over 100,000 seamounts that reach a kilometer or more above the seafloor (see Wessel et al., 2010 figure 1 . cross section of a typical submarine arc volcano with an active hydrothermal system. as magma ascends, water and gases contained in magma exsolve and enter the deep hydrothermal system as pressure is released. cold seawater (blue arrows) permeates the volcano and becomes heated by the hot rock near the magma body. hybrid hydrothermal fluids (red arrows), derived from seawater and magmatic gas and fluid, buoyantly rise to the summit while altering the volcanic rock (white = alteration). fluids discharged at the seafloor rise tens to hundreds of meters before they spread laterally in a hydrothermal plume. local currents disperse the plume, which carries various dissolved and particulate chemical species derived from the magma and the volcanic rock. (Duennebier et al., 1997) . The formation of luxuriant Fe-rich microbial mats, along with the conspicuous absence of large benthic macrofauna, is most likely due to the relatively high concentrations of dissolved CO 2 (300 mM) and enriched levels of ferrous iron (50 to 750 µM) in the vent effluent (Wheat et al., 2000) .
In addition, the summit (presently at a depth of 956 m) is in the oxygen minimum zone, so seawater O 2 concen trations are only 10-15% of saturated seawater (Glazer and Rouxel, 2009 Mottl et al., 2003 ‡ feob = iron-oxidizing bacteria. hsob = hydrogen-oxidizing (anaerobic) or sulfur-oxidizing (aerobic) bacteria. sob = sulfur-oxidizing bacteria. srb = sulfurreducing bacteria; aMo = anaerobic methane oxidation. * first publication to detect both epsilonproteobacteria (PVb otu 2) and zetaproteobacteria (PVb otu 4) at a hydrothermal vent.
at Lō`ihi, which used a cultivationindependent approach, was conducted prior to the 1996 eruption and showed that the class Epsilonproteobacteria (PVB OTU 2) dominated the surrounding microbial mats and that members of the newly discovered class Zetaproteobacteria (PVB OTU 4) were also present (Moyer et al., 1995 (Emerson and Moyer, 2002; Emerson et al., 2007) . This conclusion was based on the isolation of a novel genus and species, Mariprofundus ferrooxydans, from an iron-rich mat at Lō`ihi. M. ferrooxydans is a chemoautotrophic, neutrophilic Fe-oxidizing bacterium that gains its energy for growth by oxidizing ferrous (Fe 2+ ) to ferric (Fe 3+ ) iron, and fixes CO 2 . Furthermore, as it grows, it produces a stalklike structure composed primarily of Fe-oxyhydroxides, the waste product of the Fe-oxidation reaction that remains behind after the cells are gone (Emerson et al., 2007) . These stalklike structures are a common feature of many of the microbial mats at Lō`ihi, and are an easily identified diagnostic indicator that Fe-oxidizing bacteria are present (Figure 3 ).
More recently, it has been shown that Zetaproteobacteria dominate vent-site colonies in and around Lō`ihi, though colonization by Epsilonproteobacteria is also possible, most notably at highertemperature (> 40°C) vents, demonstrating both spatial and temporal heterogeneity among these microbial mat communities (Rassa et al., 2009 ). of this issue [Chadwick et al., 2010] ; Rhodes et al., 1990) . This seamount was intensely studied after an eruptive event in 1998 (Embley et al., 1999) , and members of the Epsilonproteobacteria were shown to dominate diffuse flow vents (Huber et al., 2003) (Emerson and Moyer, 2002) figure 4. unweighted Pair group Method with arithmetic mean (uPgMa)/productmoment cluster analysis of 55 terminal-restriction fragment length polymorphism bacterial community fingerprints using eight restriction digest treatments on each sample. two groups of communities were identified and designated "lō`ihi group 1" and "lō`ihi group 2. " colored labels indicate samples taken in the same year. ambient temperature for summit area of lō`ihi seamount is 4.0°c. scale bar is the Pearson product moment correlation r-value X 100.
164 of this issue [Koppers et al., 2010 Figure 5A and 5B) or those dominated by Epsilonproteobacteria ( Figure 5C and 5D). Overall, the Mariana Arc and backarc support ecosystems that represent a bacterial biodiversity hotspot are thought to result from the complex geochemistry of these hydrothermal systems driven by the heterogeneity of the subducting source material coupled with the enhanced volcanic activity of the region (Davis and Moyer, 2008) . 
tonga arc seamounts

south chamorro and other Mariana forearc seamounts
The Mariana forearc is comprised of a series of serpentine mud volcanoes formed between the Mariana Trench and the volcanic arc that lies to its west (Fryer et al., 1999) . Dehydration (Fryer et al., 2006) . In addition, springs often form (as a byproduct of the upwelling fluid, attributed to the sediment compaction and dehydration process) and deliver water to the seafloor that is typically fresher than seawater and highly alkaline, with pH up to 12.5 (see Spotlight 9 on page 174 of this issue ; Mottl et al., 2003 Mottl et al., , 2004 .
South Chamorro Seamount has active summit springs (Figure 6 ). This area was the focus of an Ocean Drilling Program (ODP) investigation (Leg 195, Site 1200) into the structure and diversity of the microbial populations existing near the seamount surface and at depth below the seafloor. In general, these highly alkaline fluids also contain elevated levels of dissolved sulfide with nearly no sulfate, which is attributed to both anaerobic methane oxidation (AMO) and sulfate reduction in a microbial habitat overwhelmingly dominated by archaea (Mottl et al., 2003) . 
eMergiNg PatterNs regardiNg coMMuNity structure
There is growing evidence, as summarized in Table 1, Although most are autotrophs, they can also be mixotrophs and occasionally heterotrophs (Campbell et al., 2006) . (Emerson et al., 2007) . While this group of microbes was initially thought to be ver rare, follow-up studies are suggesting th Zetaproteobacteria can be quite abundant at seamount habitats rich in iron.
The fact that M. ferrooxydans is in cultu " …seaMouNts PoteNtially rePreseNt hotsPots of Microbial diVersity, yet our uNderstaNdiNg of the Microbiology of seaMouNts is still iN its iNfaNcy.
"
does not mean that we have described all the important Zetaproteobacteria.
Indeed, it appears that M. ferrooxydans may represent a lineage that is relatively minor at most sites ( Figure 3A ).
Morphological information from the mats at Lō`ihi also provide tantalizing evidence that other "morphotypes" 
oPPortuNities for Microbial research at seaMouNts abouNd
In general, our understanding of the forces that shape microbial community structure within a given environment are in a state of flux, be it the human gut, salt marsh sediment, or the ocean's water column. The same can be said even more emphatically of seamounts, because they are poorly studied compared to these other environments.
Nonetheless, seamounts have the potential to make good natural laboratories for studying basic problems having to do with microbial ecology and evolution.
Because they tend to be geographically isolated from one another, there may be more of a barrier for movement of microorganisms between seamounts than is the case in the more contiguous environments of a mid-ocean ridge. 
